This paper presents a new strategy for solving routing problems capacitated vehicles with heterogeneous fixed fleet and delivery and simultaneous collection of the application of meta-heuristic Particle Swarm Optimization Discrete The proposed algorithm differs from PSO classic, both in the coding of the particles as in established operations. The computational experiment conducted showed that the proposed algorithm could obtain good quality solutions. Initial results point to the effectiveness of the proposed approach for sets of analyzed problems.
Introduction
Solutions to optimization problems are important in everyday life. Many social, economic, scientific and engineering problems have variables that can be adjusted to produce better results and may increase profits or reduce costs. Over the years, several research that led to the development of new techniques for solving such problems have been made.
The accelerated development of optimization techniques and its flexibility for application to complex problems are factors that favor its use. In this context, analysis, design and research involving optimization algorithms are important topics to be studied. One of the areas in which optimization techniques have been applied, and that is the objective of this research are those that involve routing problems.
The vehicle routing problem is to define roadmaps vehicles that minimize the total cost of attendance, each of which starting and ending at the depot or base of the vehicle, ensuring that each point is visited exactly once and the demand on any route does not exceed the capacity of the vehicle that meets [ 6 ] .
Among the problems of routing vehicle problem is the School Transport. In this, the vehicles collect students in their breakpoints and deliver them to their respective schools. In this paper, the problem of school transport studied can be classified as a capable routing problem with heterogeneous fleet and fixed delivery and simultaneous collection. This paper presents a strategy for solving the Problem of School Transportation and its applications in some municipalities of Paraná. A study on the optimization algorithm for Swarm Particle (PSO) is presented, and the proposed algorithm is applied to the Vehicle Routing Problem in School Transportation.
Particle Swarm Optimization
The optimization technique Particle Swarm Optimization (PSO) was proposed by [2] like other meta-heuristics developed recently, was inspired by the social Particle swarm optimization for vehicle routing problem 3835 behavior found in populations. The technique was developed from the observation of flocks of birds and schools of fish in search of food in a particular region. When analyzing these groups, it is observed that their behavior is influenced by individual experience accumulated by each individual as well as the result of experience accumulated by the group. The population on the PSO called cloud (or cluster) is composed of particles that are candidate solutions for the problem.
The population of PSO called cloud (or cluster) is composed of particles that are candidate solution to the problem. The particles move in a -dimensional space within a search subspace [10] .
Each particle p in a given iteration t has a position . Importantly,
-dimensional vectors, being determined by the problem being solved by the algorithm. If this were, for example, the well-known traveling salesman problem, be the total number of cities to be visited as presented in [11] .
respectively, the position (vector own candidate to the solution) and speed (its rate of change) of particle i at time t, in a search space of n-dimensional. Also consider In standard PSO algorithm, the particles are manipulated according to the following equations: 
Use of Optimization for Cloud Particle to solve the routing problem
The publication of [8] , a model based on cloud optimization for multi-objective particle is presented to solve the routing problem of open vehicles, capable of
competing with time windows. In this problem there is competition between the distributors and the goal is to minimize the cost of travel routes and maximize sales while balancing simultaneously obtained the goods distributed among the vehicles. The results were compared with three performance indicators, and show that the proposed approach is efficient to solve the problem with a reasonable computational cost.
The publication of [5] , addresses the routing problem capacitated vehicles through a model -based optimization for cloud particles using a probability matrix for encoding and decoding of the particles. The computational results show that the proposed approach is capable of producing excellent results in terms of solution quality when compared with other approaches based on existing PSO, secondly the model requires more computational time in large problems.
In work [1] , a model based optimization for Cloud Particles with local search is proposed to solve the routing problem with heterogeneous fleet of vehicles, time windows and simultaneous collection and delivery. The adaptation of this approach to the problem has been studied applied problems in the literature. The results showed that the proposed minor problems when applied to the model was able to obtain quality solutions and in many cases the optimal solutions. For large problems, the model improved the results presented by the authors in previous works in 29 of 56 cases, with an improvement in the quality of the solution around 5.62 %.
In the work of [4] , the Vehicle Routing Problem with Simultaneous Delivery and collection is solved based on a heuristic approach to particle swarm optimization , in which a local search is performed to improve neighborhoods randomly selected solutions during 's search algorithm. Furthermore, the authors implement a strategy called annealing -like to preserve the diversity of the swarm. The computational results show that the proposed algorithm competes with the heuristic approaches the literature and several known solutions improvement in the quality of the solution.
In [7] a model of optimization for cloud particles is used to solve the problem of vehicle routing with stochastic demand. The proposed model uses the local search algorithms 2-opt and 3-opt strategy with path relinking for the improvement of the solution found. The proposed algorithm has been tested in some cases from the literature proposed by [3] for the Vehicle Routing Problem with adjustments in the capacitated demand constraints. The results were considered satisfactory by the authors when compared with other algorithms from the literature for the same problems tested.
In [12] one finds a proposal to solve the routing problem with homogeneous fleet of vehicles, time windows and pickup and delivery, using Cloud Particles. The proposed method works with the particles separated by neighborhoods and adds the information to the neighborhood particle swarm diversify and increase the speed of convergence of the algorithm. Tests conducted by the authors showed that the proposed model is effective because it could reduce the number of vehicles used and the total distance of travel.
Particle swarm optimization for vehicle routing problem

3 Proposed algorithm
In this work, the Particle Swarm Optimization for Discrete meta-heuristic is applied to the vehicle routing problem. To apply the model proposed some adjustments should be considered. In this study a particle consists of a vector of order n with students, no schools in vehicles. Each element of the particle is the vehicle used to transport considering its capacity, location and location of the student's school.
A particle is formed by the elements: • Set students: A1, A2, A3,..., An.
• Set schools: E1, E2, E3,..., En.
• Set of vehicles: V1, V2, V3,..., Vm. In this study, particles were only considered feasible. Example particle (Feasible Route):
In the example above the vehicle 1 (V1) collecting students 1, 2 and 5 and the leaves in their respective schools, analogously vehicles 2 (V2) and 3 (V3) collect students 4, 6, 9, 3.7, 8, 10 respectively and leave them in their schools.
Changing the position of the elements of the particle
Below is shown the mechanism to make possible changes of position for the elements that make up the particle in order to obtain a reduction in the total mileage of the route. In this paper we began the cloud of particles with only feasible particles.
The process of maintaining a feasible involves three types of particle movement within the vector. The element that changes position in the particle can be a student, a school or a vehicle.
The changed position is a student
The figure 3.1 shows an example of a random draw to determine which element changes position inside the particle with the goal of reducing the total cost of the route (route mileage). To change the student's position within the vector you must ensure that it remains after changing before your school. In Figure 3 .1, to make the draw of the element that will change positions within the particle, we have 12 candidates for exchange. 5 If the position is drawn, the element that will change positions the student is 3 (A3). The student 3 can only change position if you stay in the same vehicle and stay in one of their previous school (E3) that is occupying position 10 in the particle position.
At this point it is necessary to traverse the elements of the vector representing the particle, to find out what are the limits to make the switch position, ensuring that the change in our position does not make the infeasible particle. The procedure to traverse the vector should be done backwards until the vehicle is found. In the example shown in Figure 3 .1 is the pupil in the vehicle A3 second (V2). In this case, the A3 can change positions ranging from, and ensuring that the student A3 appear in the vector after the vehicle 2 (V2) and before school (E3).
The capacity control of the vehicle is done by an accountant. In Figure 3 .1 the vehicle 1 (V1) is no passenger, the vehicle 2 (V2) collects students 1, 2, 3, 4 and 5. Note that the line of control ability for each student collected the vehicle there is an increase in the amount of capacity, and when the vehicle leaves the students in their respective schools E1, E2, E3, E4 and E5 accumulated vehicle capacity decreases to zero, which indicates that the vehicle is empty. Also in Figure 3 .1 can be noted that in line with the total mileage accumulated route taken by the vehicle 2 (V2) is 10.000 meters. The fact that the mileage has remained constant between 1 and 2 schools and between schools 3 and 4 means that 1 and 2 students studying in the same school, similarly for students 3 and 4.
In Figure 3 .2, one can observe that the students 1 (A1) and 2 (A2) are the same breakpoint and studying in the same school as the accumulated mileage remains constant when the vehicle 2 (V2) collecting the student 1 (A1) and then the pupil 2. The same occurs upon landing, the vehicle 2 (V2) leaves students 1 (A1) and 2 (A2) E1 and E2 in their schools, note that the school is the same for both students as there was no change in the value of accumulated mileage. Accumulated mileage (m) 0 0 1000 1000 3000 3000 5000 6500 7000 8000 9000 10000 FIGURE 3.2-CHANGED POSITION IS A STUDENT In Figure 3 .3 the path performed by the vehicle 2 (V2) can be observed. 
The changed position is a school
In Figure 3 To swap the position of the school within the vector you must ensure that it remains after the exchange after the student, otherwise the exchange is not performed.
The changed position is a vehicle
In Figure 3 .5, the randomly generated element is a vehicle, for example, the position 2, the vehicle 2 (V2) to change the position of the particle. In the case of an exchange of vehicle position should be considered that a vehicle cannot occupy Controlling the length of the route is done with a constraint that limits the distance traveled by the vehicle. In this work the threshold value was accumulated mileage of 40 km. Exchanges of position within the particle in the three cases described above are made only if the capacity constraints and control the length of the routearemet.
Creating Generations
In this work a new proposal for application of meta-heuristic optimization by the Cloud Particle School Transport problem is presented. One of the contributions (innovations) of this work is the creation of new generations of particles in order to increase the diversity of the search for the problem. The proposed algorithm starts with a population of n particles, then a number of iterations is performed. Finally a new population is created, considering feasible particles. This new population has n-1 particles and particle fittness best (gBest) of the previous generation is inserted in the current generation. The process of creating the generations for a population with p particles can be seen in Figure 3 .6. 
Proposed Algorithm
In this section the meta-heuristic approach is described according to Optimization for Cloud Particle Discrete Adapted proposed in this work for the vehicle routing problem with capacitated fixed fleet and heterogeneous simultaneous pickup and delivery. In this section you can observe the innovations proposed in this research, both as regards the codification of the particles as in established operations. 
Creation of the particle
The procedure for deploying PSODA the technique proposed in this work is described in the algorithm presented below:
Step 1: start a (matrix) population of particles with positions and velocities in a space of n dimensional problem randomly with uniform distribution; -In this problem the initial particles were not random, were only considered feasible particles, particles with a given sequence among its elements (vehicle, students and schools), as shown in the example below.
Step 2: For each particle, evaluate the fitness function (objective function to be minimized-fitness); -Each particle has its calculated cost (sum of the total distance traveled).
Where j i c , is the cost (mileage) of the arc that connects vertex i to vertex j enter the route.
Step 3: After generation of the particles: -Starting position for each particle (feasible route) and speed (list of random transpositions), where the initial position of each particle is equal to the initial pBest of the particle and the number of initial transpositions is equal to the dimension n of the particle.
Step 4: Find the gBest of the population (minimal cost).
Step 5: From the second iteration:
-Compare the assessment of the fitness function of the particle with the pBest of the particle. If the current value (the sum of the mileage) is better than pBest, then the value of pBest shall be equal to the value of the fitness function of the particle, and the pBest location shall be equal to the current location in n dimensional space.
Step 6: Compare the assessment of the fitness function with the previous best fitness value of the population. If current value is better than gBest, gBest update the value for the index and value of current particle.
Step 7: updating the velocity and position of the particle, respectively, according to equations (1) and (2) below: 
-To apply the speed of a particle position, we used the definitions for Discrete PSO presented in [10] , with some adaptations unpublished literature. Speed was defined as a list of n random transposition:
, means the exchange of indices of the vertices Below is shown an example of the operation of transpositions defined in this work. Given a position and a velocity, trade occurs as shown in the example below.
Are given: Applying to the list of the position of the particle transpositions, the first transposition is to be done (2,3), the element which occupies position 3 on the particle must occupy the second position, taking the element occupies the second position 3 to the position in the particle. This exchange is said to be feasible, because the student 2 (A2) remains before school 2 (E2) after changing position. As the example below shows: The next transposition is (1,5), if carried out will cause the particle to become infeasible because school occupying the 2 position 5 in particle must move to position 1, which may not occur for thereby it would be before your student (A2). In this case the exchange is not performed. The next step is to check the third transposition (7, 9) , the element that occupies the position 9 (A5) can switch to position 7, this exchange is possible because the school 5 (E5) will remain after the student 5 (A5) performed after the exchange, as the example shows:
Particle swarm optimization for vehicle routing problem The fourth exchange is (3, 5) , school 2 (E2) must occupy position 3, the student 1 (A1) is in position 3 goes to position 4, this exchange is feasible. The change in the particle can be seen below: The next exchange is (1, 6) , this exchange can only take place if the capacity constraints and maximum length of the route are met, in which case the vehicle 2 (V2) is no passenger and vehicle 1 (V1) gets all passengers.
For transposition (5, 5) there is no exchange. In exchange (9,7) the student 4 (A4) that occupies the position 9 on the particle must go to the 7 position and pupil 5 (A5) which is at position 7 is going to position 8, this exchange is feasible. The following changes are made in the same way.
Computational result
The results obtained with the proposed algorithm to the problem of School Transportation in Paraná technique are compared with the results obtained from the application of heuristics ALBH (Adapted Location Based Heuristic) proposed by [9] .
In Table 3 .1 below the data for each municipality can be observed, considering the number of schools, vehicles available, breakpoints and number of pupils using school transport. Table 3 .2 shows the results obtained from the application of the proposed methodology for 32 cities considering the sum of mileage routes to and from the three study periods: morning, afternoon and evening. The data in this table show that the application of the methodology presented in this work provided savings for these municipalities ranging between 0,10% and 21,37% in the total daily mileage. This study considered whether the path of return. Of the 32 cities tested decreased the total daily mileage traveled in 29 municipalities, only 3 municipalities PSODA technique was surpassed by ALBH. In Table 3 .2 it is observed that, using the technique ALBH total daily mileage for 32 municipalities was 31169,116 Km and using the technique proposed in this paper PSODA the total daily mileage was 30045,013 Km, the difference is 1.124, 103 km daily.
Conclusions
In this paper a methodology is presented to solve the routing problem to School Transport thirty-two cities in the state of Paraná using the optimization algorithm for cloud particles. The real case discussed in this work and available database provide an opportunity to develop a methodology capable of contributing to formatting and alternative practices for the transport implementations, and specifically school transportation.
The computational experiment conducted showed that the proposed algorithm could obtain good quality solutions. The results indicate the effectiveness of the proposed approach to problem sets analyzed.
The routing of transport is a very important aspect, because it ends up influencing factors involved in the planning of the service, since an efficient routing can minimize travel time, optimize the occupancy of vehicles and improve the existing service, which will ultimately reduce the cost with the system and improving its quality .
Finally, the results clearly show the potential of the presented approach, where lower cost solutions are obtained for relatively large problems in times of low processing.
